Mammographic screening does not detect all breast cancers and cancers arising between tests (interval cancers) typically represent 25--50% of cancers diagnosed in women undergoing biennial screening. The length-biased selection effect of screening implies that rapidly growing cancers are more likely to manifest as interval cancers than slower growing cases that have more opportunity to be screen detected. The proportion of interval cancers that are fast growing should decline with the elapsed time since last screen, as the selection effect of testing diminishes. Because of the preferential selection for rapid growth, interval cancers are frequently considered to be more aggressive ([@bib12]; [@bib9]; [@bib8]). However, some recent research has found screening programme interval cancers diagnosed within 24 months of a preceding negative screen to have better survival than cancers diagnosed in comparable non-screened women ([@bib1]; [@bib7]). Earlier results from randomized trials have been inconsistent ([@bib4]; [@bib3]).

This study set out to examine the survival and prognostic distribution of cancers arising in British Columbian women eligible to participate in breast screening and determine the relationship effect of the these outcomes to elapsed time since preceding screen.

Materials and Methods
=====================

All first cases of invasive breast cancer, excluding death certificate only registrations, diagnosed in British Columbian women aged 50--74 years between 1998 and 2006 were identified from the BC Cancer Registry and their records linked to the publically funded provincial breast screening programme (SMPBC) database ([@bib10]). Attention was restricted to first cancers, as women with a history of breast cancer are not eligible for programme breast screening. SMPBC was established in 1988 and has provided biennial screening to women aged 50--74 years since 1997 ([@bib11]). Survival information was available and complete up until 31 December 2010. Screening data were used to classify cases as screen-detected (diagnosed within 12 months of an abnormal screen), by time since previous screen, and never screened. Staging and prognostic factor data were not generally available from the BC Cancer Registry before 2010, but all breast cancer cases diagnosed in 2002 were staged as part of a quality control exercise and this midpoint year was used to represent the total cohort of 1998--2006. Prognostic factors available on the 2002 cases included stage, tumour size, nodal status, tumour grade and oestrogen receptor status. Where pathologic stage was unknown or incomplete staging was based on clinical findings.

Survival rates were calculated using the Kaplan--Meier method ([@bib6]) with death from breast cancer counted as events and other deaths or end of follow-up counted as censoring events. Survival differences were compared using Cox proportional hazards ([@bib6]), adjusted for age. Tests for differences in categorical variables were based on the *χ*^2^-test.

Results
=======

There were 13 453 cases of invasive breast cancer registered in BC in women aged 50--74 years between 1998 and 2006: 12 605 were first cancers and there were 1671 deaths from breast cancer recorded in the study period. The average age at diagnosis of the sample was 61.8 years and the 5-year breast cancer-specific survival rate was 89.9%. Breast cancers were classified into six categories based on the screening status at diagnosis: screen-detected, diagnosed within 0--11 months of a negative screen, 12--23 months, 24--47 months, 48+ months and no screening history. Breast cancer-specific survival rates ([Figure 1](#fig1){ref-type="fig"}), adjusted for age, were elevated for screen-detected cancers (*P*\<0.001), were similar between the groups diagnosed within 1--47 months of screening (*P*=98) and between non-participants and those not screened for 48+ months (*P*=15). Survival was significantly different between cases diagnosed within 48 months and those after 48 months of a screen or never screened (*P*\<0001).

There were 1431 first invasive breast cancers diagnosed in 2002. [Table 1](#tbl1){ref-type="table"} provides a distribution of the following prognostic factors: age, tumour size, nodal involvement, TNM stage, tumour grade, and ER status for the six screening groups. Tests of significance showed that in the comparison of cancers diagnosed more than 4 years post screening versus never screened, only stage was significant (*P*=02). In the comparison of cancers occurring within 4 years post screening there were no significant differences on any prognostic factors. And for the comparison of cancers within 4 years post screening to those after 4 years or never screened, significant differences were found for size (*P*=005) and stage (*P*=003) and not for grade or ER, whereas nodal involvement was close to significant (*P*=07).

Discussion
==========

As expected, screen-detected cancers had the best survival, as they have been downstaged and are subject to lead time and length biases ([@bib8]). Cancers diagnosed in women who had never been screened or who had not been screened in four or more years had the worst survival. These findings have been seen in other analyses ([@bib1]; [@bib7]) and are likely to be because of the effect of participant self-selection. No consistent pattern of difference was found between the screening-defined groups on the prognostic factors available. However, comparisons of prognostic factors had less power than the survival analysis because of the smaller sample size available for analysis.

Cancers diagnosed within 12, 12--23, and 24--47 months of a negative screen had similar survival rates in this study. Neither survival nor the distribution of prognostic factors was worse among women whose cancer was diagnosed within 1 year of a screen, for which the proportion of fast growing cancers would be anticipated to be the greatest. [@bib5] also found that interval cancer survival did not vary with elapsed time since previous screen and that survival for interval cases and for a comparable unscreened population were similar.

The reason that early interval cancers have non-inferior survival is not clear. Treatment may reduce or eliminate any relationship between growth rate and survival. Classical models of chemotherapy effectiveness predict that responsiveness is generally higher where more tumour cells are actively cycling, which is correlated with faster growth ([@bib2]). [@bib1] hypothesised that fast growing tumours may give rise to more readily perceived signs and symptoms resulting in earlier clinical detection. [@bib5] also discuss the potential influence of cancers resulting from screening-interpretation misses that would tend to reduce the effect of length-biased sampling.

Another possible explanation is provided by considering the dynamics of the diagnosis of cancers not detected at screening. The large variation seen in the size and extent of disease in unscreened women indicates that factors, other than tumour size, influence when a cancer will be diagnosed and its prognostic profile. Because screening preferentially harvests larger cancers present at the time of testing the distribution of cancers undetected will be enriched for smaller tumours when compared with an unscreened population. Consequently the population of potential interval cancers is skewed towards less advanced cancers. Those diagnosed soon after a screen will tend to be enriched with cases among the post-screen population that were destined for early clinical detection. This effect will tend to counter the effect of growth rate mediated length-biased sampling, and the net effect on survival and prognosis will depend on the relative strengths of these opposing influences.

We would conclude that breast cancers with poorer prognosis are not more likely to appear as early interval cancers and that other factors counterbalance the potential effect of length-biased sampling by screening on survival. A further consequence of this observation is that those screen-detected cancers, that are not overdiagnosed, have average prognosis.
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###### Invasive breast cancer cases and deaths in 1998--2006 and prognostic factor distribution (%) for cases in 2002 by screening status at diagnosis

                                                                         **Other cancers: time since the last screen**                       
  -------------------------------------------------------------- ------ ----------------------------------------------- ------ ------ ------ ------
  **Study years: 1998--2006**                                                                                                                
  Age (average)                                                   62.2                       60.5                        61.2   60.9   61.1   61.6
  Number of breast cancer cases                                   5028                        729                        1315   640    789    4094
  Number of breast cancer deaths                                  288                         106                        192     91    138    855
  **Study years: 2002 only**                                                                                                                 
  Number of breast cancer cases                                   569                         75                         144     60     83    324
  Age (average)                                                    62                        58.9                        60.9    61    62.6   62.2
  **Distribution of prognostic factors (%) for cases in 2002**                                                                               
  **Size**[a](#t1-fn2){ref-type="fn"}                                                                                                        
  \<1 cm                                                           28                          9                          11     12     17     9
  1--2 cm                                                          51                         52                          42     32     28     30
  2.1--5 cm                                                        16                         32                          39     44     40     40
  \>5 cm                                                           2                           4                          6      12     11     13
  Unknown                                                          3                           3                          2      0      5      9
  **Nodes**                                                                                                                                  
  0                                                                74                         65                          55     53     53     46
  1--3                                                             15                         23                          28     27     21     22
  4+                                                               6                           9                          12     15     17     15
  Unknown                                                          5                           3                          5      5      9      17
  **Stage**[b](#t1-fn3){ref-type="fn"}                                                                                                       
  1                                                                69                         50                          34     29     35     29
  2                                                                26                         42                          51     48     44     42
  3                                                                3                           3                          8      19     17     14
  4                                                                2                           4                          6      3      5      13
  Unknown                                                          0                           0                          1      0      0      1
  **Grade**[a](#t1-fn2){ref-type="fn"}                                                                                                       
  1                                                                39                         27                          23     22     23     21
  2                                                                40                         36                          45     34     40     34
  3                                                                19                         33                          31     44     37     38
  Unknown                                                          2                           4                          2      0      0      7
  **ER**^a^                                                                                                                                  
  Pos                                                              86                         73                          71     71     76     72
  Neg                                                              13                         27                          29     27     23     23
  Unknown                                                          2                           0                          0      2      1      5

Abbreviations: Neg=negative; Pos=positive.

Excluding first primaries followed by a second primary within 1 year.

Stage used clinical assessment when pathologic evaluation was not available.
